Many atomically thin exfoliated 2D materials degrade when exposed to ambient conditions. They can be protected and investigated by means of transport and optical measurements if they are encapsulated between chemically inert single layers in the controlled atmosphere of a glove box.
essentially no coupling for 30° misaligned layers. We show that STM always probes intrinsic NbSe2 properties such as the superconducting gap and charge density wave at low temperature when setting the tunneling bias inside the MoS2 band gap, irrespective of the relative angle between the NbSe2 and MoS2 lattices. This study demonstrates that encapsulation is fully compatible with STM/STS investigations of 2D materials.
Exfoliation of layered van der Waals (vdW) materials has proven to be a remarkably simple technique to produce high-quality crystals of many different compounds that are only one or a few atoms thick. [1] [2] [3] [4] [5] [6] [7] [8] These atomically thin crystals -or 2D materials-possess new interesting properties that can be very different from those of their parent bulk compounds and can depend very
sensitively on the precise number of atomic layers. 4, 9 As such, 2D materials disclose a vast platform for the investigation of new physical phenomena that were not accessible to experiment until now. Examples include Dirac fermions in monolayer (ML) graphene 1, 10 , gate-tuning of the band structure of a 2D material first shown in bilayer graphene 11 , phenomena originating from the Berry curvature in the band structure of semiconducting ML transition metal dichalcogenides (TMDs) [12] [13] [14] , and magnetism and superconductivity in the truly 2D limit. 7, 15, 16 Most experimental studies reported so far have been performed on materials that are chemically stable in air because this drastically simplifies their manipulation and device fabrication for a broad variety of experimental techniques. However, many 2D materials tend to degrade when exposed to air, and considerable efforts are deployed to protect exfoliated crystals and enable their characterization and use under ambient conditions. An effective strategy is to exfoliate and manipulate the atomic layers in a glove box and then encapsulate them with another inert single layer crystal [6] [7] [8] 17, 18 , for example graphene, MoS2 or hBN. Even though the procedure is complex, encapsulation is remarkably efficient, enabling air-sensitive 2D materials to be safely exposed to air. Encapsulation has been key to a number of remarkable experiments, for example the observation of a 2D topological insulating state in ML WTe2 6 , the investigation of superconductivity in ML 2H-NbSe2 19 , and the observation of 2D ferromagnetism in ML Cr2Ge2Te6
and CrI3. 7, 8 The controlled heterostructure assembly and encapsulation of vdW MLs represents an impressive technical achievement and demonstrates an unprecedented level of control of matter at the atomic scale. While these techniques have been successfully used to prepare samples and devices for transport and optical measurements, their compatibility with surface probes like scanning tunneling microscopy (STM) and angle-resolved photoemission spectroscopy (ARPES) is yet to be verified. Both are primarily sensitive to the outermost layers of the system under investigation, and covering a 2D material with an encapsulating layer may potentially impede their use altogether. In addition, the encapsulating layer may affect the electronic properties of the underlying 2D material, due to their mutual interaction. [20] [21] [22] [23] [24] If so, even if STM and ARPES measurements were technically possible, it would be necessary to understand to what extent the measurements are representative of the properties of the encapsulated 2D material. To assess the possibility to perform STM imaging and spectroscopy of encapsulated 2D materials, we investigate a 90 nm thick 2H-NbSe2 crystal (Fig. 1a) , whose properties match those of bulk
2H-NbSe2 (see Supporting Information 1 (SI 1) for more details), capped with an exfoliated 2H-MoS2 ML (Fig. 1b) We also deposit a gold reference bar to align the device with the XY scanning directions of the STM using the optical setup of the UHV STM chamber (Fig. 1d) . In a second step, we deposit a 1 μm wide and 40 nm high gold strip to guide the tip along the contact from the landing pad to the device. An optical image and a schematic drawing of the device structure are displayed in Figs. 1e and 1f, respectively. Further details of the device fabrication are given in the methods section. The heterostructures were characterized by STM at low and high Vset. The relative alignment between 2H-MoS2 and 2H-NbSe2 layers inferred from the optical microscope images was further confirmed by measuring the periodicity of the resulting moiré pattern (See SI 2 for more details).
To quantify the impact of the layer alignment on the electronic properties of a given heterostructure, we first measure the MoS2 bandgap for the two different values of  at high Vset.
Differential tunneling conductance spectra measured on the 30° misaligned heterostructure (MAH)
show a band gap of ~2.3 eV and electron doping character (i.e., the Fermi level is aligned close to the bottom of the conduction band Fig. 2a ), in agreement with gap values previously reported for MoS2 monolayer. 27, 28 The band gap measured for the same setpoint on the 3° aligned heterostructure (AH) has a similar amplitude but is shifted by nearly 1 eV toward the valence band (Fig. 2d ). This band shift provides a first indication of significant electronic coupling between the capping layer and NbSe2 in the 3° AH, which is absent in the 30° MAH. 
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To further characterize the electronic coupling for the two different crystal alignments, we perform (Fig. 2c) . Imaging the 3° AH yields a strikingly different result. In this case, the Moiré pattern is always observed independently of Vset ( Fig. 2e and 2f ) , whether Vset is inside or outside the capping layer gap. We observe the same effects at both positive and at negative sample biases.
The tunneling spectroscopy and topographic imaging discussed above both lead to the conclusion that the measurements strongly depend on the misalignment angle . At high Vset, we only sense quantifies the local tunneling barrier height, which we assume to be spatially modulated by the capping layer atomic structure (Fig. 3a) . ( , ) and ( , ) are modelled as the sum of harmonic functions with the periodicity of the respective materials, respecting the three-fold crystal symmetry. We define the x and y coordinates parallel to the ab-basal plane and the z-axis perpendicular to it (see SI 3 for more details of the modeled images and for a representative plot of the function used to model the spatial modulation). correspondence between the experiments and the model FT. We now turn to real space STM images, which allow us to refine the model of STM imaging through a ML capping layer. The tunnel junction between the STM tip and the surface has atomic scale dimensions. This means that the tunneling probability depends on whether the tip is positioned over a Mo or a S atom. To take this into account, we consider the complete three-layer structure of the MoS2 unit cell (i.e. Bravaislattice and base) and modulate ( , ) by two triangular lattices, one representing the topmost Mo atoms and the other the vertically aligned bottom and top S atoms in the capping layer (Fig. 3a) .
The simulated constant current STM image (Fig. 3b) indeed reproduces the observed Moiré pattern and the circular footprint of the atoms in the experimental image (Fig. 3d) . In contrast, if we only consider the Bravais lattice of MoS2 and modulate ( , ) with a single triangular lattice, the atoms in the simulated image have an elongated shape not observed in the data (see SI 4) . Note that the FT is essentially independent on these two choices of ( , ) . This analysis shows that the full structure of the capping layer must be considered to understand the details of tunneling into the protected 2D material. (Fig.4a ) and its FT (Fig. 4b) measured at Vset=10 mV and at 1.14 K, well below the CDW phase transition. We focus on constant height images, because our model is a simulation of the position dependent total tunneling current. Our simulated current map (Fig.4c ) and the corresponding FT (Fig.4d) reproduce all the features of the experimental current map and corresponding FT, provided that we include an additional 3a×3a periodic modulation of the density of states of NbSe2 ( , ), which is a manifestation of the CDW modulation present in the NbSe2 lattice. 25 If we ignore this CDW modulation, the FT (Fig. 4f) extracted from the simulated current map (Fig. 4e) does not reproduce the CDW peaks present in the experimental FT (Fig. 4b) . To further confirm the detection of a The above example demonstrates our ability to extract precise topographic information about the NbSe2 CDW through the MoS2 capping layer. In NbSe2, the CDW is susceptible to a reversible 3Q to 1Q transition driven by local strain. 29, 30 The vast majority of our STM micrographs display the standard 3Q pattern shown in Fig.4 , indicating there is no strain in our heterostructures.
However, we do occasionally observe small regions with a 1Q CDW. One example is shown in Fig. 5a for a 3° AH, with two anisotropic peaks resolved in the FFT (Fig. 5b, arrow) . Filtering the MoS2 and superstructure contributions enables us to assign the anisotropic peaks to a strong 1D CDW component (Fig. 5c) . The modulation period of this 1Q phase is slightly longer than that of the 3Q phase, in perfect agreement with previous findings on bare NbSe2 surfaces 29, 30 (Fig.5d) .
The 1Q phase develops in a limited region of the imaged surface while the rest is supporting the Having established the possibility to probe NbSe2 specific topographic features through the MoS2 capping ML, including the CDW, it remains to be shown that tunneling spectroscopy of the protected NbSe2 crystal is also possible. To address this point, we perform tunneling spectroscopy on the 3° AH and 12° MAH at 1.14 K, well below its superconducting transition temperature.
Regulating the tip at Vset=5 mV, inside the MoS2 band gap, we measure a gap at the Fermi level 27, 28 ( Fig. 5e and SI 5). The gap amplitude and line shape are consistent with the BCS expectations for superconducting NbSe2. The only discrepancy is an effective temperature of 2.5 K instead of the 1.14 K indicated by the thermometer, most likely due to limited filtering of the electrical connections (the higher effective temperature is definitely not due to the MoS2 capping layer, since we observe the same difference on bare NbSe2). During the lithographic processes, the heterostructure is continuously exposed to chemical impurities coming mostly from the poly-methyl methacrylate (PMMA) resist used to define the contacts. PMMA residues are removed from the surface in a controlled way by an atomic force microscope (AFM) "ironing" process. 31 It consists in scanning the heterostructure with an AFM tip in contact mode to displace surface impurities to the edges of the heterostructure.
Scanning tunneling experiments were carried out in a low temperature Specs Tyto-STM with a base pressure better than 2 ⋅ 10 −10 mbar with tips electrochemically etched from an annealed tungsten wire. The bias voltage was applied to the sample. Tunneling I(V) and differential conductance dI/dV(V) spectra were acquired simultaneously using a standard lock-in technique. dI/dV tunneling spectra were acquired with a bias modulation of 7 mV or 70 V rms at 854.7 Hz to measure the semiconducting gap or the superconducting gap, respectively.
STM topographic images were sample tilt corrected by subtracting a linear fit line by line. Twodimensional FTs images were calculated using a standard Hamming window to reduce finite size effects with WsxM32 and Gwyddion analysis software. 
